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The Kjeldahl method and four classic spectrophotometric methods (Biuret, Lowry, Bradford and Mark-
well) were applied to evaluate the protein content of samples of UHT whole milk deliberately adulterated
with melamine, ammonium sulphate or urea, which can be used to defraud milk protein and whey con-
tents. Compared with the Kjeldahl method, the response of the spectrophotometric methods was unaf-
fected by the addition of the nitrogen compounds to milk or whey. The methods of Bradford and
Markwell were most robust and did not exhibit interference subject to composition. However, the simul-
taneous interpretation of results obtained using these methods with those obtained using the Kjeldahl
method indicated the addition of nitrogen-rich compounds to milk and/or whey. Therefore, this work
suggests a combination of results of Kjeldahl and spectrophotometric methods should be used to screen
for milk adulteration by these compounds.
 2013 Elsevier Ltd. All rights reserved.1. Introduction
Milk is a complex food containing essential nutrients (proteins,
vitamins, lipids, etc.), which may have negative effects on some
populations (e.g. milk allergy, lactose intolerance, fat content),
but largely offers positive health beneﬁts (Haug, Hostmark, & Hars-
tad, 2007).
The nutritional and functional importance of milk proteins has
led to considerable interest in this fraction. Bovine milk contains
around 80% casein and 20% whey proteins of high biological value.
A number of factors such as climate, milking and feed (Freitas Filho
et al., 2009) as well as adulteration affect the composition and dis-
tribution of protein fractions.
Increasingly the food industry worldwide is required to demon-
strate food authenticity, and quality control of milk stands out as
one example in this context. In general, fraudulent sales of milk
aim to increase the volume produced and delivered to the market
by adding water, which alters its composition and reduces its
nutritional quality. The reduction in protein concentration is oneof the most signiﬁcant effects. As a consequence, unethical produc-
ers add nitrogen-rich compounds to correct the apparent milk pro-
tein content. This practice is not only injurious to the health of
consumers, but also undermines the economy of a country. Control
of potential adulterants is an issue because as laboratories improve
detection, fraudulent producers introduce new alternatives that
cannot be detected by established techniques.
The relative ease of this type of adulteration – addition of nitro-
gen compounds to milk to increase/correct protein content – can
be attributed to the ofﬁcial method adopted worldwide (i.e. Kjel-
dahl method, AOAC International, 1980) to control milk protein
content, which determines total nitrogen and not protein nitrogen.
For dairy products, total nitrogen must be converted to ‘total nitro-
gen proteins’ using a conversion factor (6.38) based on the nitrogen
content of casein, as originally proposed by Hammarsten and Seb-
elien (1892).
A number of water-soluble nitrogen compounds such as mela-
mine, ammonium sulphate and urea produce the same analytical
characteristics as proteins using the Kjeldahl method and can be
used as milk or whey adulterants.
The use of melamine for this purpose is particularly harmful be-
cause of the formation of a very stable complex with cyanuric acid
that crystalizes causing renal damage. Despite its toxic effects,
Table 1
Summarized description of the reagents employed for protein determination using
the spectrophotometric methods.
Method Chemical composition of the reagent Refs.
Biuret CuSO45H2O (1.5 g/L), KNaC4H4O64H2O
(6.0 g/L), KI + NaOH 10% (w/v)
Gornall,
Bardawill &
David, 1949
Bradford Coomassie Briliant Blue (0.1 g/L) + ethanol
(95%) (5% v/v) and H3PO4 85% (10% v/v)
Bradford, 1976
Lowry Reagent C: Na2CO3 2% (w/v)/NaOH 0.1
mol/L + KNaC4H4O64H2O 2% (w/v)/
CuSO45H2O 1%(w/v)
Lowry et al., 1951
Reagent D: Folin-Ciocalteau
Markwell Reagent C: Na2CO3 2% (w/v)/NaOH 0.1 mol/
L + KNaC4H4O64H2O 0.16%
(w/v) + CuSO45H2O 4% (w/v) + sodium
dodecyl sulphate (10 g/L)
Markwell et al.,
1978
Reagent D: Folin-Ciocalteau
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content (66% by mass). In fact, many different methods including
LC–MS/MS, APCI-MS and ESI-MS have been developed for detec-
tion of melamine in milk products (Turnipseed, Casey, Nochetto,
& Heller, 2008; Zhu, Gamez, Chen, Chingin, & Zenobi, 2009; Yang
et al., 2009) in parallel with the principal analytical method pro-
posed by the US Food and Drug Administration (FDA, Smoker &
Krynitsky, 2008). However, the high cost instrumentation, staff
training and infrastructure associated with MS techniques limit
their widespread use.
The present study evaluated the effect of three selected nitro-
gen adulterants (i.e. urea, ammonium sulphate and melamine) on
the concentration of milk and whey proteins in UHT bovine whole
milk as measured using four common spectrophotometric meth-
ods: Biuret (Gornall, Bardawill, & David, 1949), Lowry (Lowry,
Rosebrough, Farr, & Randall, 1951), Bradford (Bradford, 1976) and
Markwell (Markwell, Hass, Bieber, & Tolbert, 1978), and compared
the results with those obtained using the Kjeldahl method.
The main objective was to determine the extent to which it is be
possible to combine data from spectrophotometric and Kjeldahl
methods to assess fraudulent addition of the selected nitrogen
compounds to milk, and consider the potential use of these com-
bined results to control, or at least screen for, milk adulteration.2. Experimental
2.1. Reagents
Melamine (P99%, Sigma–Aldrich, USA), urea (99.5%, Sigma–
Aldrich, USA) and ammonium sulphate (P.A., Merck KgaA, Brazil)
were used to adulterate milk samples. Bovine serum albumin
(BSAP 99%, Sigma–Aldrich, USA) was employed as a protein stan-
dard in all determinations.
Glacial acetic acid and trichloroacetic acid (P.A., Merck KgaA,
Brazil) and sodium hydroxide (P.A., VETEC, Brazil) and Folin-Ciocal-
teau (Merck KgaA, Brazil) as well as other reagents used in the four
spectrophotometric determinations were of analytical grade or
better (Merck, Brazil and/or Vetec, Brazil).
Ultra-puriﬁed water (resistivity of 18.2 MX cm) was prepared
using a Simplicity System (Millipore, USA) following distillation.2.2. Protein determination
All spectrophotometric determinations were carried out using a
Bioespectro 722W (USA) spectrophotometer and glass cuvettes.
All measurements were performed in triplicate against ultra-puri-
ﬁed water (blank). Stock BSA solutions were prepared by dissolving
an appropriate mass of the solid in ultra-puriﬁed water.
The experimental procedures used for protein determination
are brieﬂy described below. Reagent solutions were prepared
according to the instructions for these methods (Table 1).
Biuret method: standard solutions of BSA at concentrations of
0.1, 0.5, 1, 2 and 4 mg/mL, used for the construction of the analyt-
ical curves, were prepared from a stock solution (10 mg/mL). Ali-
quots of 2 mL of each standard, blank or sample were transferred
to test tubes and the Biuret reagent (3.0 mL) added. The resulting
solutions were mixed and, after 30 min, the absorbance measured
at 540 nm (Gornall et al., 1949).
Bradford method: standard solutions of BSA at concentrations
of 10, 30, 50, 100, 150 and 200 lg/mL, used for the construction
of the analytical curves, were obtained from a stock solution
(200 lg/mL) prepared in a saline buffer solution containing sodium
acetate (0.05 mol/L), acetic acid (0.05 mol/L) and NaCl (0.15 mol/L)
at pH 4.8. Aliquots of 300 lL of each standard, blank or sample
were transferred to test tubes and the Bradford reagent (3 mL)added. The resulting solutions were mixed and absorbance mea-
sured immediately at 595 nm (Bradford, 1976).
Lowry method: standard solutions of BSA at concentrations of
10, 30, 50, 100, 150 and 200 lg/mL, used for the construction
of the analytical curves were prepared after appropriate dilution
of a stock solution (200 lg/mL). Aliquots of 400 lL of each stan-
dard, blank or sample were transferred to test tubes and reagent
C (2 mL) added. After 10 min, reagent D (200 lL) was also added
and the solutions mixed. After 30 min, absorbance was measured
at 750 nm (Lowry et al., 1951).
Markwell method: standard solutions of BSA were obtained
using an approach similar to the Lowry method. Aliquots of
700 lL of each standard, blank or sample were transferred to test
tubes and reagent C (2 mL) added. After 10 min, reagent D
(200 lL) was also added; the solutions were mixed after addition
of each reagent. After 45 min, absorbance was measured at
660 nm (Markwell et al., 1978).
Kjeldahl method: samples were digested using a Buchi System
that consisted of a digestion unit (Buchi Speed Digester K-436)
with a scrubber (Buchi Scrubber B-414) and a distillation unit
(Buchi Kjeldahl Unit K-370). Concentrated sulphuric acid (P.A.,
Merck KGaA) (2 mL) and a small amount of catalyst (Selenium re-
agent mixture P.A., Merck KgaA) were used. The digested samples
were distilled after reacting with 10 mL of 40% w/v sodium
hydroxide solution. The distillate was collected in boric acid solu-
tion (2% w/v) and titrated using a hydrochloric acid solution
(0.01400 mol/L). The endpoint of the titration was determined by
potentiometry. The percentage of milk proteins was obtained by
multiplying the total nitrogen content (expressed in mg of nitrogen
per millilitre of milk or whey) by 6.38, the standard conversion
factor.
2.3. Validation of the spectrophotometric methods
Validation of the quantitative analysis using four spectrophoto-
metric methods considered various parameters. Linearity was eval-
uated by constructing four independent analytical curves for each
method using standard solutions measured in triplicate (Section
2.2). Parameters of the analytical curves were estimated by least-
squares regression. The resulting equations were used for the
quantitative evaluation of milk or whey proteins.
The limits of detection (LOD) and quantiﬁcation (LOQ) were cal-
culated from these equations by dividing three- and 10-times,
respectively, the signal to noise ratios by the angular coefﬁcients
of the analytical curves. Signal to noise ratios were estimated by
the standard deviations of absorbance obtained after six successive
measurements of the less concentrated standard measured in each
spectrophotometric method (Ramos & Álvarez-Coque, 2001).
Table 2
Typical ﬁgures of merit of the spectrophotometric methods.
Method Angular
coefﬁcients
Linear
coefﬁcients
Coefﬁcients of
determination
(R2)
LODa,b LOQa,b
Biuret 0.089 0.003 0.999 0.03 0.11
Bradford 0.002 0.002 0.995 10.7 35.6
Lowry 0.002 0.025 0.995 8.78 29.2
Markwell 0.003 0.043 0.995 9.12 30.4
a,b In mg/mL for the Biuret method and lg/mL for the other methods.
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analysis of unadulterated whey samples. Method repeatability
(same analyst, day and instrument) was evaluated using the aver-
ages and standard deviations obtained after 10 determinations of
the same sample. Intermediate precision (different analysts, days
and samples) was evaluated using the averages and standard devi-
ations obtained after measurements of ﬁve replicate samples.
Treatment of all data was performed in Microsoft Excel
(Microsoft Corporation, USA).
2.4. Samples treatment
Extraction of whey proteins, and their separation from the case-
in fraction, is described elsewhere (Siciliano, Rega, Amoresano, &
Pucci, 2000). Brieﬂy, 70 lL of glacial acetic acid were added to
10 mL of milk and the solution was mixed. Following precipitation,
the casein fraction was removed by centrifugation at 6000 rpm
(2.012 g) for 10 min. Protein content of the supernatant was deter-
mined using the Lowry, Bradford or Markwell methods (Section
2.2). Another precipitation step was necessary to eliminate inter-
ference caused by lactose before protein determination by the Biu-
ret method. An aqueous solution of trichloroacetic acid (10%;
0.5 mL) was added to the supernatant to precipitate the whey pro-
teins (Sapan, Lundblad, & Price, 1999; Zaia, Zaia, & Lichtig, 1998).
After centrifugation at 3000 rpm (0.503 g) for 30 min, the superna-
tant was discarded and the pellet reconstituted in sodium hydrox-
ide (0.01 mol/L, 2 mL).
2.5. Samples description and treatment
Test samples were obtained from a blend of ten different brands
of UHT whole bovine milk purchased from supermarkets in Rio de
Janeiro or Niterói (Brazil). Prior to blending, all packs were shaken
to ensure a homogenous solution.
Samples (11) of the UHT whole bovine milk blend and whey
proteins extracted according to Section 2.4, with or without addi-
tion of adulterants (melamine, ammonium sulphate and urea),
were analysed using the four spectrophotometric and Kjeldahl
methods. Samples were coded A to K.
All results were compared with those obtained by analysing
unadulterated milk (A) and milk whey extracted from the unadul-
terated milk (B). Adulterated samples were prepared by spiking (A)
and (B) with three nitrogen compounds in concentrations selected
to increase nitrogen by ca. 1% of total proteins in whole milk or
0.25% in milk whey. To evaluate the effect of the adulterants on
the protein content in whey samples (D, F, H) were extracted from
contaminated milks (C, E, G), and known amounts of adulterant
were added directly to the milk whey extracted from unadulter-
ated milk blend (B) (I, J, K).3. Results and discussion
3.1. Selected ﬁgures of merit of the spectophotometric methods
The four spectrophotometric methods were used as described
above. The absorbance of standard solutions obtained using each
method was directly proportional to the BSA concentrations. Coef-
ﬁcients of determination (R2) better than 0.995 were obtained for
all four methods indicating a good ﬁt to linear models within suf-
ﬁciently wide dynamic ranges, allowing the evaluation of milk and
whey proteins. Parameters obtained from representative analytical
curves for each method, and LOQ and LOD are shown in Table 2.
Precision of the four spectrophotometric methods was evalu-
ated by determining whey proteins using analytical curves ob-
tained with standard BSA solutions. Whey was chosen because itcan be obtained after an extraction step, creating a wider range
of variance than milk alone. Repeatability and intermediate preci-
sion were evaluated by the coefﬁcients of variation (CV). Repeat-
ability (CV) below 2% was found for three methods; Bradford
method CV was 7.3%. The intermediate precision of the methods
of Lowry and Markwell expressed as CV were below 5%, but the
Bradford and Biuret methods produced higher values (6.8% and
7.6%, respectively). These results were adequate for the planned
determination.
3.2. Evaluation of the selectivity of the spectrophotometric methods
towards the nitrogen compounds
Absorbances of milk and whey solutions containing increasing
concentrations of each adulterant were obtained using the method
described above to evaluate the response of each to the nitrogen
compounds (Fig. 1). The range of concentrations, expressed in
terms of nitrogen, corresponded to the concentration of milk pro-
tein nitrogen.
Absorbances of milk and whey solutions containing nitrogen
compounds were unaffected and independent of the adulterant
concentrations, producing spurious absorbance values between
0.015 and +0.025 (Fig.1), which suggests that even at relatively
high concentrations they are not able to form the coloured com-
pounds obtained in the presence proteins. These results showed
the protein-speciﬁc reagents and, consequently, the spectrophot-
metric methods did not respond to melamine, ammonium sul-
phate or urea, i.e., these methods are not suitable for detecting
common milk protein adulterants.
This lack of response is because the reagents depend on the
presence of speciﬁc groups, characteristic of proteins and/or pep-
tides, to form coloured complexes. The Biuret reaction depends
on peptide bonds, which are absent in the selected adulterant, to
form the reddish-violet copper-protein complex, which does not
occur in an alkaline medium containing tartrate-chelating mole-
cules. The methods of Lowry and Markwell combine the Biuret
reaction with the addition of the Folin-Ciocalteau reagent, and
quantify both peptide bonds and tyrosine residues. The Bradford
method uses comassie blue, which reacts speciﬁcally with pro-
teins, particularly on cationic groups and aromatic rings (Niamke
et al., 2005).
The effect of the addition of nitrogen compounds on whey pro-
tein levels using the spectrophotometric methods was evaluated
using samples obtained as described above, and analysed before
and after the addition of nitrogen compounds. The results showed
no signiﬁcant increase of whey proteins as determined by these
methods even after addition of high concentrations of nitrogen
compounds and consequently no variation in the percentage of
whey proteins was detected by the four spectrophotometric meth-
ods (Table 3).
In short, the results presented above (Fig. 1 and Table 3) clearly
demonstrate the responses of all four spectrophotometric methods
were unaffected by melamine, ammonium sulphate or urea, com-
mon milk adulterant.
Fig. 1. Variation of absorbance for the four spectrophotometric methods with the concentration of (a) melamine, (b) ammonium sulphate and (c) urea.
Table 3
Concentrations of protein in whey samples measured using the spectrophotometric
methods, before or after addition of nitrogen compounds.
Whey sample n Whey protein concentration (%)
Biuret Bradford Lowry Markwell
Without any addition 10 0.17
(0.0011)
0.24
(0.018)
0.46
(0.0094)
0.34
(0.0042)
After addition of
melamine (50 ppm)
6 0.17
(0.0017)
0.16
(0.0065)
0.40
(0.0090)
0.34
(0.0039)
After addition of
ammonium sulphate
(8000 ppm)
6 0.17
(0.0039)
0.15
(0.0030)
0.39
(0.0070)
0.32
(0.0017)
After addition of urea
(8000 ppm)
6 0.17
(0.0012)
0.21
(0.0034)
0.43
(0.0086)
0.35
(0.0027)
n = number of replicates; Standard deviations between parenthesis.
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samples
Subsequently, results obtained with four spectrophotometric
methods were compared with those determined using the Kjeldahl
method (Table 4) in simultaneous analyses. For this purpose, milk
and whey samples were treated and analysed as described in
Section 2.5. The Kjeldahl method produced protein percentages
of ca. 3.27% w/w for unadulterated milk (A) and 0.46% w/w for
whey (B), which were in agreement with the quality parameters
established by the Brazilian legislation for milk (Brasil, 2002) and
previous results (Fernandes & Maricato, 2010). The four spectro-
photometric methods produced distinct and different protein val-
ues, possibly because the protein characteristics measured by
each method are also different (Table 4). The results for A and B
using the various methods were taken as references for compari-
son to the other samples (C to K).The ﬁrst aspect to be highlighted in Table 4 is the increase in to-
tal nitrogen (expressed as protein percentage) found using the
Kjeldahl method after addition of the adulterants. Values were ob-
tained by subtracting the percentage of proteins found in spiked
whole UHT milk (C, E and G) from that found prior to adulteration
(A). The increase in protein content was 1.06%, 1.03% and 1.07%
after addition of melamine, ammonium sulphate and urea, respec-
tively, and demonstrates the Kjeldahl method ‘detected’ these
compounds as proteins.
The percentage of whey protein found using the Kjeldahl meth-
od produced similar results when whey samples D, F and H, ex-
tracted from milk samples C, E and G, respectively, were
compared with B (unadulterated extracted whey). The increase in
protein percentage was determined by subtracting the percentage
of proteins found in these samples from that found in B. Values of
1.11%, 1.23% and 1.04% after addition of melamine, ammonium sul-
phate and urea, respectively, indicate the nitrogen compounds
were mainly associated with the soluble protein fraction (i.e.
whey). The addition of ammonium sulphate led to a greater in-
crease in apparent protein content compared with the other adul-
terant, suggesting some milk proteins may not be precipitated in
the presence of this reagent and, consequently, are also transferred
to the whey fraction.
The addition of sufﬁcient melamine, ammonium sulphate and
urea to uncontaminated whey (B) to simulate an increase in pro-
teins equal to 0.25%, produced an increase of protein content, as
measured by the Kjeldahl method, of 0.22% (I), 0.24% (J) and
0.29% (K), respectively, which were in agreement with the ex-
pected increment. These results conﬁrm addition of melamine,
ammonium sulphate or urea to milk or whey results in an increase
of total nitrogen, which is detected by the Kjeldahl method but
would be wrongly interpreted as an increase in total protein. If this
method were used to evaluate milk or whey proteins it could
potentially allow the fraudulent use of these compounds to
Table 4
Description of samples and percentages of proteins found in milk and milk whey using the different methods.
Sample codes Sample description Analytical methods
Kjeldahl Biuret Lowry Bradford Markwell
A Milk blend without any adulterant addition 3.27 2.73 3.83 2.58 3.54
B Whey extracted from A 0.46 0.11 0.50 0.16 0.43
C Milk blend + melamine 4.33 2.73 3.87 2.64 3.58
D Whey extracted from milk containing melamine (from C) 1.57 0.13 0.50 0.20 0.43
E Milk blend + ammonium sulphate 4.29 2.73 3.89 2.78 3.60
F Whey extracted from milk containing ammonium sulphate (from E) 1.79 1.04 0.81 0.26 0.74
G Milk blend + urea 4.34 2.74 3.90 2.79 3.61
H Whey extracted from milk containing urea (from G) 1.50 0.11 0.51 0.20 0.44
I Whey extracted from A + melamine 0.68 0.10 0.51 0.20 0.44
J Whey extracted from A + ammonium sulphate 0.70 0.10 0.50 0.21 0.43
K Whey extracted from A + urea 0.75 0.10 0.49 0.22 0.42
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value of the product.
Lactose interfered with the Biuret method during determination
of whey protein and precipitation was necessary to eliminate this.
The Lowry, Bradford and Markwell methods were capable of mea-
suring proteins in the presence of lactose and other components.
Some solution turbidity was observed in samples of whole bovine
milk (A, C, E and G) and in whey sample after addition of ammo-
nium sulphate (F), although it was not observed when ammonium
sulphate was added directly to whey (J). The turbidity remained
after addition of the reagents used in the methods of Biuret and
Lowry, and this impacted the absorbance of these solutions. How-
ever, no turbidity was observed when the Bradford and Markwell
methods were employed.
The percentages of proteins obtained using the four spectropho-
tometric methods are also shown in Table 4. As stated above, all
ﬁve methods (including the Kjeldahl method) produced different
results for protein content in unadulterated milk (A) or whey (B)
because of the characteristics of the proteins/elements of the pro-
teins detected by each.
Although the addition of the nitrogen compounds to milk in-
creased protein content as determined using the Kjeldahl method,
which roughly corresponded to the added nitrogen, the spectro-
photometric methods offered a different perspective. The addition
of the adulterants resulted in a little or no variation of milk pro-
teins content when samples A, C, E and G were compared. Further-
more, the differences were comparable to the standard deviations
of each method. For example, the Biuret method varied between
2.73% and 2.74% while the Bradford method variation ranged from
2.58% to 2.79%. Thus, the results indicated the milk protein content
determined using these methods were unaffected by the addition
of the nitrogen-containing compounds (Fig. 2a).
Whey samples B, D, F and H, extracted from A, C, E and G,
respectively, produced a more complex pattern of response by
the spectrophotometric methods. The addition of ammonium sul-
phate increased the response of all four methods by 1.7 (Markwell
method), 1.6 (Bradford and Lowry methods) and up to 9.5 (Biuret
method). The other compounds (urea and melamine) caused
changes in protein percentage that were, in general, within the
precision of the methods and comparable to values found in whey
obtained from unadulterated milk (B). For example, for the Mark-
well method (Fig. 2b), values ranged between 0.43% and 0.44%.
To better investigate the effect of the selected adulterants on
whey protein content, these compounds were added directly to
whey samples (I, J and K) and compared with unadulterated whey
(B). Except for the Bradford method, which showed an increase be-
tween 0.16% and 0.22%, no variation in protein content was found
using the other methods. On the other hand, the increase foundusing the Kjeldahl method corresponded to 1% increase in total
nitrogen (Fig. 2c).
Comparison of the protein percentages found in samples F, and
I, J and K, suggests at least part of the effect of ammonium sulphate
on total nitrogen determined using the spectrophotometric meth-
ods may have been due to a partial solubilization of nitrogen com-
pounds such as peptides or proteins, which are not precipitated by
the acid treatment and are subsequently detected in whey
samples.
The results (Table 4 and Fig. 2) clearly indicate adulteration of
ca. 1% of protein content in UHT milk, using melamine, ammonium
sulphate and urea, can be detected if the Kjeldahl method and any
of the four spectrophotometric methods are used in combination.
As discussed above and shown in Fig. 2, the Kjeldahl method can
wrongly detect nitrogen-containing compounds as proteins lead-
ing to an erroneous increase of protein percentage, which is equal
to the amount of nitrogen added to either milk or whey. On the
other hand, the responses of spectrophotometric methods are
unaffected, or only slightly affected, by addition of the potential
adulterants.
The values of whey proteins obtained for spiked milk, using the
spectrophotometric methods, depended on the nitrogen com-
pound. The responses were unaffected, or only slightly affected,
by melamine and urea, which are primary adulterants of concern.
But, these methods were affected to a different extent by ammo-
nium sulphate. This fact could be useful and indicative of its addi-
tion to milk because this is the only circumstance in which whey
nitrogen increases without a corresponding increase in total milk
nitrogen.
The turbidity observed using the Biuret and Lowry methods is a
drawback and may limit their application. On the other hand, the
Bradford and Markwell methods produced no turbidity under the
conditions studied. Thus, simultaneous evaluation of both aspects
– response to nitrogen compounds and solution turbidity – indi-
cates these are methods of choice in combination with the Kjeldahl
method, despite the apparent increase in response to ammonium
sulphate (1.7 and 1.6, respectively when compared to whey).
The results described above are useful to support screening of
milk for nitrogen-containing adulterants. Indeed, it would be inter-
esting to obtain a more expansive database of UHT milk and whey
proteins using the suggested methods (Bradford and Markwell) in
order to determine standard values for milk and whey proteins, as
currently available for the Kjeldahl method. It would be necessary
to extend this study to other milk samples. But, in this way, the
observation of outliers by the various spectrophotometric methods
would indicate (possible) fraudulent adulteration of milk protein.
The results presented here would offer provisional data for the
Bradford and Markwell methods.
Fig. 2. Comparison of protein percentages obtained using the different analytical methods. (a) Spiked milk samples; (b) whey obtained from spiked milks; (c) directly spiked
whey.
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milk and whey proteins using the Kjeldahl method may indicate
milk adulteration because the increase in milk protein content cor-
responds directly with a similar increase in whey protein, which is
indicative of the addition of soluble nitrogen compounds to milk;
(b) high percentages of milk or whey proteins obtained using the
Kjeldahl method in contrast with low values determined using
the Bradford or Markwell methods also indicate a high concentra-
tion of non-protein, soluble nitrogen compounds. As a conse-
quence, this work proposes the simultaneous evaluation of milk
samples by Kjeldahl method and at least one alternative, either
the Bradford or Markwell methods, which are sufﬁciently simple,
fast and cheap to be widely adopted to screen for milk adultera-
tion. It is worth saying these methods can be implemented after
relatively modest investment (spectrophotometer) and requires
less training than LC–MS systems.4. Conclusions
The percentages of proteins found using the ofﬁcial Kjeldahl
method and four classical spectrophotometric methods (Biuret,
Lowry, Bradford and Markwell) in bovine UHT whole milk adulter-
ated or not with selected nitrogen-containing compounds pro-
duced to different results for apparent protein content. Different
values were also observed in whey proteins extracts from adulter-
ated milk samples. The results suggest protein percentages ob-
tained using the Kjeldahl method are vulnerable to adulteration
because the method measures nitrogen compounds including mel-
amine, ammonium sulphate and urea added to the samples as pro-
teins, meaning it is not effective in detecting potential
adulteration. In general, a different response was observed forthe four spectrophotometric methods, which are not able to detect
added nitrogen-containing adulterants. The comparison of protein
percentages found in bovine UHT whole milk and/or in whey
showed that by combining results obtained using the Kjeldahl
and Bradford or Markwell methods, which were the most robust,
it is possible to screen milk and whey for adulteration.Acknowledgements
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